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Sound-Damping Sandwich Material and a 



Method for Its Manufacture 



The present invention relates to a sandwich structure 
which is comprised of a cellular-plastic core sandwiched 
between two reinforcing layers made, for instance, of 
metal or of a laminated fibre-glass fabric. The core is 
built-up of individual, cut shapes, preferably disposed 
in a checkered pattern, wherein the gaps defined by 
adjacent shapes are filled with a binder. In the follow- 
ing, the core material is referred to as checkered cut 
material, although it will be understood that the pattern 
formed by the cut shapes need not be a checkered pattern. 

Such sandwich structures are known, for instance, from 
SE-A-89 00 981-5, in which the binder used is comprised 
of a filler to which small plastic spheres have been 
added, this filler completely filling the aforesaid gaps 
and thereby providing a structure of high mechanical 
strength. Checkered cut core material has been used 
hitherto because of the need to be able to manufacture 
arched or curved sandwich structures. Flat, imperforate 
sheets are normally used for the manufacture of flat 
sandwich structures. 

One particular problem relating to lightweight sandwich 
structures is that because these structures are both 
rigid and light in weight, they are prone to oscillate 
within the acoustic frequency range and become sound 
conducting. This has been found especially troublesome 
in ships, boats and vehicles in particular. For example, 
oscillations or vibrations can be induced in the hull of 
a boat by the boat motor, these oscillations , or vibra- 
tions, being so pronounced as to prevent conversation in 
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a normal speaking voice. The lightweight, rigid material 
from which the outer skin or shell and the deck of a 
vessel are made thus transmits bodyborne sound. The 
vibrations concerned may also cause the occurrence of 
5 fatigue phenomena. 

Although such bodyborne sound can be eliminated by in- 
creasing the mass of the sandwich structure, this would 
eliminate a large part of the advantages afforded by the 
10 lightweight but nevertheless strong sandwich material. 

Accordingly, a first object of the present invention is 
to provide a sandwich structure of the af oredescribed 
kind which inhibits the occurrence of bodyborne sound in 
15 constructions built from such material structures. 

Another object of the present invention is to provide a 
general sound-damping material, by which is meant a 
material which can be used for sound insulation purposes 
20 between rooms for instance, and which thus dampens air- 

borne sound. 

These and other objects are achieved in accordance with 
the invention by using as core material a cellular plas- 

25 tic material which is cut into individual shapes, pref- 

erably a checkered cut cellar material, in which the gaps 
defined by mutually adjacent shapes are filled with an 
elastomeric polymer binder. The invention relates to a 
method of manufacturing such material, in accordance with 

30 Claim 7. 

The actual sandwich structure may be either flat or 
curved or arched, according to the use for which it is 
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intended. Schematically expressed, the inventive materi- 
al thus dampens both bodyborne sound and airborne sound. 

The airborne-sound reduction number, or factor , of a 
panel is, among other things , dependent on the surface 
weight of the panel, its flexural rigidity, inner losses 
and frequency. One important parameter with regard to 
the acoustic properties of the panel is the so-called 
coincidence frequency. This parameter is determined by 
the surface weight and the flexural rigidity of the panel 
concerned. A decrease in the flexural rigidity of the 
panel will result in an increase in the coincidence 
frequency. The reduction number, or factor, may be in- 
creased for frequencies at and above the coincidence 
frequency, provided that the inner losses are increased. 

Because the core of the sandwich structure or panel is 
cut into separate shapes disposed in a checkered pattern 
and the gaps between these shapes are filled with a mate- 
rial of low rigidity, the flexural rigidity of the panel 
is reduced for higher f requencies. This results in an 
increase in the coincidence frequency, and the reduction 
factor is increased at levels beneath coincidence. The 
elastic material present in the gaps will also impair 
the dynamic coupling between the two laminates which 
embrace the core, thereby also resulting in some improve- 
ment in the reduction factor. 

It is possible to reduce the propagation of body- 
borne sound or mechanical waves in a panel structure, by 
increasing the inner losses of thereof. Measured i 
decibels per unit of length, damping of the energy flow 
in the structure is proportional to the loss factor of 
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the material and its wave number. When the panel is 
flexed, primary losses are caused in the intermediate 
frequency range by shearing in the core material. This 
means that an increase in laminate losses will only have 
5 a limited effect. On the other hand, by filling the gaps 

in the core with a viscoelastic material having high 
losses, the total losses caused by shearing can be 
greatly increased without appreciably affecting the 
weight of the material. The presence of the gaps will 
10 also reduce the manifest f lexural rigidity of the panel 

structure. This will result in an increase in the wave 
number. Because both wave number and losses are increas- 
ed, the damping effect per unit of length is increased 
with reduced flexing of the plate. 

15 

A vibrating panel or sheet will radiate sound. The sound 
radiating effect of the panel or sheet is contingent on 
the vibrating velocity of the panel at right angles to 
the panel surface and also on the acoustic coupling of 

20 the panel to the ambient medium, for example ambient air. 

A reduction in the f lexural rigidity of the panel or 
sheet will result in a reduction in the sound radiating 
ability of the panel. The greater the losses, the lower 
the panel velocity. Both effects are achieved by filling 

25 the gaps in the core with an elastomer ic material in 

accordance with the invention. 

By elastomer is meant a material which exhibits rubber- 
like, elastic properties. At present, a two-component 
3 0 polyurethane material is preferred, although the use of 

other materials is also conceivable, provided that they 
are suitable for use from the aspect of manufacture. 
Examples of such materials include silicones, plasticized 
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epoxy, urethane modified polyester and soft acrylates. 

The rubber-like material used will preferably have a 
hardness within the range of 10-75 , preferably within the 
5 range of 2 0-30 as measured according to Shore D. If the 

material is too hard, the desired sound-damping effect 
will not be achieved. If the material is too soft, the 
mechanical strength is jeopardized. Since corresponding 
sandwich structures or materials provided with air-filled 
10 channels are used at present in many instances , the use 

of a relatively soft material as a sound-damping means 
may nevertheless be defended. 

One property of the elastomeric material which is of 
15 particular interest in the present context is the loss 

factor of said material. The loss factor tj can be under- 
stood as being the imaginary part of the E-modulus: 
E = Eo (1+iTj) 

where tj is a function of both frequency and temperature 
20 and is greatest at the glass temperature of the elasto- 

meric material. In accordance with one aspect of the 
invention, there can thus be used an elastomeric material 
whose loss factor is greater than 3 0% and preferably 
greater than 40%, and this primarily within the frequency 
25 range of 200-2 000 Hz and at an intended use temperature 

range, for example a temperature range of -10 - +50 °C or 
0 - 40°C. 



In manufacture, it is preferred to apply surface material 
30 to both sides of the cellular plastic core, and then to 

inject a binder into the still empty gaps defined by 
adjacent cut shapes in the cellular plastic, so as to 
fill said gaps with binder. The binder must be relatively 
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f lowable or liquid when applying the binder and should 
afford good adhesion after solidifying and preferably 
exhibit only small shrinkage. 

In accordance with one particular embodiment of the 
invention, two shape-cut sheets are joined together by 
means of an elastomer ic material, and the resultant unit 
is used as a core with elastomer-filled gaps between 
adjacent shapes, which provides a further improvement. 



Checkered-cut cellular plastic material in which the 
square shapes are fastened to a thin carrier web is 
commercially available . The core material is produced by 
fastening a carrier web to a complete cellular plastic 
15 sheet, whereafter the checkers or shapes are produced by 

sawing or milling away interspaces to leave a cut check- 
ered web, for instance. In accordance with the invention, 
the interspaces, or gaps between said shapes, are then 
filled with an elastomeric thermosetting resin. 

20 

However, manufacture can also be carried out in another 
way, at least in the manufacture of flat sheets, without 
departing from the concept of the invention. For exam- 
ple, a cellular plastic sheet can be divided into long 

25 strips and the strips joined to extruded strips of rect- 

angular cross-section, to form a new sheet which is then 
divided into strips with sections extending at angles 
thereto (preferably 90°), these strips then being joined 
to elastomeric strips in a similar way. The first men- 

30 tioned sheet may, alternatively, be formed by joining 

cellular plastic sheets and elastomeric sheets to form a 
sandwich structure from which strips are cut, theise 
strips thus comprising elastomeric strips joined to 
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cellular plastic strips. 



The invention provides a sandwich structure which is 
effective in dampening sound and from which an effective 
sound-insulating wall can be constructed, and also 
exhibit damping properties with regard to the propagation 
of mechanical waves whose frequencies lie within the 
audible frequency range. 

The invention will now be described with reference to 
exemplifying embodiments thereof and also with reference 
to the accompanying drawings, in which: 

Figure 1 is a sectional view of a flat sandwich 
material ; 

Figure 2 is a sectional view of a curved sandwich materi- 
al; 

Figure 3 is a sound-conducting curve of sandwich material 
constructed with an uncut cellular plastic core; 

Figures 4-8 are curves which illustrate the conductance 
of sound at different frequencies, measured logarith- 
mically and drawn relative to the curve used as standard 
in Figure 1; and 

Figure 9 illustrates damping of airborne sound in three 
different materials. 

Figures 1 and 2 are sectional views of two sandwich 
materials or structures, the only difference between 
these structures being that one is curved and may be 
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double-curved (not shown) , while the other is flat. 

A checkered-cut core 2 of cellular plastic material is 
placed between two reinforcing layers 1 which are glued 
to the core material 2 by glue joints 3. The core mate- 
rial has been cut into shaped pieces to present gaps or 
channels which are filled with an elastomeric material 4. 
As will be seen from Figures 1 and 2, the gaps in the 
case of a flat sandwich structure are straight, while the 
gaps in the curved sandwich structure are wedge-shaped, 
due to bending of the structure. For practical reasons, a 
thin intermediate layer 5 is often included on one side 
of the sandwich structure. The function of this interme- 
diate layer is to hold the cut shapes together, subse- 
quent to forming the core, until the core can be embodied 
in the sandwich structure. The core carrier layer may 
comprise an open-mesh fabric, non-woven fabric or the 
like, such that the carrier layer will not prevent the 
glue layer 3 from holding the core material 2 and the 
reinforcing layers 1 together . In the case of boat 
constructions, the reinforcing layers, or strength lay- 
ers, of the sandwich structure will normally comprise a 
fibre-glass fabric and polyester laminate, although a 
metal layer, such as an aluminium, aluminium-alloy or 
steel layer may often be used. 

A sandwich structure of this kind is normally manufac- 
tured by first fastening the reinforcement layers 1 onto 
the core material 2, by glue joints 3, while leaving the 
30 gaps 4 between the shaped pieces of core material 2 

essentially empty. A lowly viscous elastomeric material 
is then injected into the gaps, suitably starting from 
the lowest point of the sandwich structure, particularly 
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15 



20 
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through holes formed at the points of intersection of the 
gaps 4 , said openings being disposed at the top of the 
structure and the elastomeric material being caused to 
displace air from the gaps as it flows therethrough and 
5 also to fill said gaps, by delivering the elastomeric 

material under pressure and/or under the influence of 
a vacuum generated at the openings provided at the top of 
the structure. A combination of these latter alterna- 
tives is often to be preferred, since an excessively high 

10 pressure may cause the joints between reinforcement 

layers and core material to rupture. In the case of boat 
manufacture, for instance, it is often possible to place 
one side of the sandwich structure against a counter- 
pressure surface and to apply an inwardly acting force 

15 from the other side, e.g. with the aid of sandbags. 

The invention has been tested with the aid of a number of 
manufactured examples of sandwich structures: 

20 Example 1 

A sandwich structure was manufactured as a reference 
structure and was comprised of a core made of PVC-cellu- 

lar plastic with closed cells, our product DIVINYCELL® , 

2 ' ' 

25 quality H60 (60 kg/m ) , thickness 20 mm, not checkered- 

cut. The reinforcement layers were comprised of 1 mm 
fibre-glass fabric and polyester resin laminates. The 
sheet weighed 6 . 8 kg per square meter . 

30 Example 2 

There was manufactured a sample structure similar to the 
structure of Example 1, but with the exception that the 
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core comprised a checkered-cut sheet having square shapes 
with side measurements of 39 mm and surrounded by gaps of 
1 mm in width, these gaps being filled with a polyure- 
thane adhesive (Ceca 18591), tensile strength 814 kN/m 2 ) . 
5 The sheet had a square meter weight 9.17 kg. 

Example 3 

There was manufactured a structure similar to the struc- 
10 ture of Example 2, but with the exception that two 

checkered-cut sheets having a thickness of 10 mm were 
glued together with polyurethane glue. The sheet weighed 
7.17 kg per square meter. 



15 Example 4 

There was manufactured a sandwich structure similar to 

the structure of Example 2 , but with the exception that 

the PVC-plastic material H8 0 of the core had a higher 

2 

20 density, 80 kg/m . 

Example 5 

There was manufactured a sandwich structure similar to 
25 the structure of Example 2, but with the exception that 

the PVC-plastic material H100 of the core had a still 
higher density, 100 kg/m 2 . 



Example 6 

A sandwich structure was manufactured similar to the 
structure according to Example 1, but with the exception 
that instead of a non-cut sheet of 20 mm thickness, there 
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were used instead two sheets each having a thickness of 
10 mm and joined together by a layer of the same poly- 
urethane glue as that used in Examples 2-5. Thus, this 
sandwich structure had only one damping layer parallel 
5 with the sheet. 

All sheets measured 1.2 x 1.2 m. Comparison tests con- 
cerned with the propagation of sound waves were carried 
out on all sheets. Figure 3 is a sound conductivity 
curve with logarithmic dB-scale for damping in dB/m, 
plotted or recorded, between 50 Hz and 4000 Hz. This 
curve is representative of known sandwich materials 
having a hard f oamed-plastic core with fibre glass layers 
laminated thereon, such as those structures used at 
present in the manufacture of boats and vehicles. This 
curve was therefore taken as a reference and the sound 
conductivity of the structures produced in accordance 
with the other Examples were related to this reference as 
a standard, in that the zero-line in Figures 4-8 cor- 
responds to the result achieved with Example 1, taken as 
normal . 

Figure 4-8 illustrate sound-propagation test results 
which are normalized in relation to the sheet according 
25 to Example 1 for respective Examples 2-6. 

As will be seen from Figures 4-8, a pronounced improve- 
ment in sound absorption or improved damping of sound 
conductivity is obtained when the gaps defined in the 
3 0 checkered-cut or shape-cut core material are filled with 

a material of the proposed type. The improvement is par- 
ticularly significant within the frequency range of 100- 
1000 Hz, where sound absorption otherwise falls greatly, 



10 



15 



20 



BNSDOCID: <WO_9220523A1_I_> 



WO 92/20523 



PCT/SE92/00337 



12 

as shown in Figure 3 . 

Tests have also been carried out with the intention of 
investigating and comparing the damping of airborne 
5 sound, in which measurements were carried out in 

accordance with Swedish Standard SS 02 5254 (Internation- 
al Standard ISO 140-1978) . Figure 9 illustrates the 
result obtained with the reference sample according to 
Example 1 compared with the result obtained with the 

10 structure according to Example 2, thus with the sole 

difference that in one case the material was not check- 
ered-cut and in the other case the material was 
checkered-cut and the gaps defined between adjacent 
shapes were filled with elastomer ic material- It will be 

15 seen from the Figures that the difference in damping was 

significant and that this damping increases very consid- 
erably when the frequency increases to above 500 Hz. 
Samples measuring 100 x 120 cm were secured around their 
respective edges in a wall between a transmitter room 

20 (106 m 3 ) and a receiver room (120 m 3 ) . 

The tested polyurethane glue, Ceca 18951, had a hardness 
of 21 in the Shore D scale. With regard to mechanical 
strength and also with regard to sound damping, this was 
found to be particularly well-adapted to PVC-hard foam 
having a density of 60 kg/m 3 . Higher densities have 
greater mechanical strengths, and consequently it is 
suitable to use harder binders in the gaps when higher 
mechanical strengths are desired. 

With regard to mechanical strength, comparison tests have 
been carried out with the aid of so-called four-point 
flexibility tests, in respect of the sheets produced in 
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30 
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accordance with Example 1 (imperforate sheet), Example 2 
(checkered- cut with filled gaps) and Example 3 (two 
imperforate sheets placed together with an elastomer 
therebetween) . Surprisingly, both the f lexural rigidity 
5 and the shear rigidity of these structures were found to 

have the same values, within measurement errors. 

A comparison between the weights per square meter of 
those sheets of mutually equal thickness showed that the 
10 sheet produced in accordance with Example 2 weighed 35% 

more than the sheet produced in accordance with Example 
1, while the sheet produced in accordance with Example 3 
weight 5% more. 

This 35% addition in weight of the sheet produced in 
accordance with Example 2 was due to the filled gaps and 
shall be compared with a conventional filling obtained 
with a filler that contains plastic microspheres (28%) 
and with solid polyester filler (44%) . In practice, 
these values apply to the actual core material itself, 
since the reinforcement layers of the structures des- 
cribed in the Examples were thin, whereas in practice the 
reinforcement layers of the sandwich structure are stron- 
ger and therewith heavier. 

A further advantage afforded by the use of an elastomeric 
material as compared with a conventional binder is that a 
less fatigue can be expected due to the increased uptake 
of energy. 



15 



20 



25 
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Claims 

1. Sandwich structure comprising core material con- 
structed from cellular plastic and an outer reinforcement 

5 layer glued to each side of the core, said core material 

being cut into separate shaped pieces, preferably dis- 
posed in a checkered pattern, such as to define therebe- 
tween binder filled gaps, characterized in 
that the binder used is a sound-damping elastomeric and 
10 polymeric material. 

2. A sandwich structure according to Claim 1, 
characterized in that the elastomeric poly- 
mer material is a thermosetting resin, 

15 

3. A sandwich structure according to Claim 1, 
characterized in that the binder used in the 
gaps has a mechanical loss factor 17 which exceeds 30%, 
and preferably exceeds 40% within the frequency range of 

20 200-2000 Hz* 

4. A sandwich structure according to Claim 1, 
characterized in that the binder used in the 
gaps has a hardness of up to 10-75, preferably within the 

25 range of 20-3 0, as measured in Shore D. 

5. A sandwich structure according to Claim 1 or 2, 
characterized in that the binder used in the 
gaps is a polyurethane glue. 



30 



6. A sandwich structure according to Claim 1, 
characterized in that the cut core material 
is a closed-cell foamed PVC-plastic. 
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15 

7. A sandwich structure according to claim l, 
characterized in that the core structure 
comprises two sheets of cut material which sandwich 
therebetween a binder of the same kind as that used in 
said gaps. 

8. A method for manufacturing a sandwich structure 
according to Claim 1, characterized by 
first gluing a respective reinforcement layer on both 
sides of a cut, extended core material, preferably with 
the aid of a glue having a loss factor 77 of prefer- 
ably 40% within the frequency range of 200-2000 Hz; 
standing the material structure on edge and injecting 
into the gaps defined by in the cut core material, 

15 upwardly through bottom openings, a flowable elastomeric 

thermosetting material which has a high loss factor in 
its hardened state, such that all air present in the gaps 
will be displaced therefrom through openings in the top 
of the sandwich structure, and then allowing the thermo- 

20 setting material to set. 

9. A method according to Claim 8, charac- 
terized by placing at least at the bottom of the 
reinforcement layers means which will function to exert 
25 a counter-pressure against the outer surface of said 

layers so as to prevent the layers from being separated 
from the core material as the elastomeric thermosetting 
material is injected into said gaps. 

30 10. A method according to Claim 8, charac- 

terized by applying a vacuum at the top of the 
openings. 
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